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1. ABSTRACT 
 
Aim: To investigate the relationship between asthma and oral health of preschoolers 
in Hong Kong, and to provide oral health education to the preschoolers and their 
parents. 
 
Materials and Methods: Preschool children attending six selected kindergartens in 
different districts in Hong Kong were invited. Letters were sent to the parents, 
informing them of the study, seeking their consent, and asking them if the child had 
asthma or not. Children with parental consent were examined in the kindergartens by 
one of four calibrated examiners using Williams probes, disposable mouth mirrors, 
and intra-oral LED lights. Included in the study were all children with a history of 
asthma and a matched control group by gender and class. Caries was diagnosed 
according to the criteria recommended by the World Health Organization, and oral 
hygiene assessed according to the visible plaque index. Parents were interviewed 
over the phone regarding asthma-related and oral health-related background of the 
child. Oral health messages and instructions on toothbrushing were delivered to the 
children in groups in the kindergartens. Individualized oral health care advices 
according to the child’s oral health status were provided to the parents over the 
phone. 
Results: A total of 685 children were invited and 634 were examined. The response 
rate was 93%. The prevalence of asthma among the children was 16%. There were 
no significant differences in oral hygiene between asthmatic and non-asthmatic 
children. Asthmatic children had a similar mean dmft score compared to the controls 
(2.3 vs. 2.2, p>0.05). No significant correlations were found between the child’s dental 
caries status and their duration of asthma or asthmatic medication use. Higher dmft 
scores were found in children who came from a lower socio-economic class, those 
who frequently snacked or those who brushed their teeth less frequently.   
Conclusions: There were no significant associations between oral health and 
asthma, including the medication used, among the studied Hong Kong preschool 
children.
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2.  INTRODUCTION 
2.1  Definition and treatment of asthma  
 
Asthma is a chronic airway disease characterized by recurrent attacks of 
paroxysmal dyspnea and wheezing, due to some combination of airway 
smooth-muscle constriction and inflammation of the bronchi (Anderson, 2003). The 
clinical criterion for asthma is the presence of reversible airway obstruction, cough, 
shortness of breath, chest tightness, and wheezing. In childhood asthma, there is a 
male to female ratio of 2:1, although the disease in adults does not have the same 
wide disparity in prevalence between the two gender groups (Weiss, 1998). Some 
doctors, prefer to use the term 'hyperactive airway,' which is synonymous with 
asthma. The former term may seem less frightening to the parents of asthmatic 
children and describes the child's condition using layman’s words (Ramadan, 1993).  
 
Asthma has been classified into extrinsic (allergic) and intrinsic (non-allergic) 
types depending on the stimuli that trigger attacks. Extrinsic asthma may be 
precipitated and triggered by allergens in animal fur, dust mites, pollens, or moulds. 
People with this type of asthma are frequently asymptomatic between attacks. Their 
asthma is associated with overproduction of the antibody IgE on exposure to 
allergens and release of mast cell products that cause bronchospasm and edema. 
Extrinsic asthma usually responds well to the use of inhaled steroids as these 
suppress the immune system (Scully & Cawson, 2005). Intrinsic asthma is triggered 
by anything not considered an allergen, such as chemicals in cigarette smoke, 
emotional stress, exercise, cold air, gastro-intestinal reflux or vagally mediated 
responses. It appears to be related to mast cell instability and hyper-responsive 
airways. Treatment of intrinsic asthma is more difficult as it may not be known what 
triggers the asthma and therefore avoiding triggers can be impossible. Mixed asthma 
is the third type of asthma which is the combination of extrinsic and intrinsic types and 
is triggered by allergens and non-allergens. 
  
Newer classifications of asthma are based on disease severity which is defined 
by the frequency and severity of acute attacks. Asthma is classified into mild 
  3 
intermittent, mild persistent, moderate persistent and severe persistent. This type of 
classification is more useful for physicians prescribing asthma medication. 
 
Treatment of asthma has been traditionally separated into two categories: 1) use 
of bronchodilators, e.g. nebulized or liquid β2-adrenergic agonist drugs, to address 
bronchospasm, and 2) anti-inflammatory drugs, e.g. corticosteroids, to combat airway 
inflammation and hyper-responsiveness (Steinbacher & Glick, 2001). Newer 
medications, e.g. leukotriene modifiers, and drug combinations, e.g. inhaled 
corticosteroids combined with long-acting β-adrenergic agonists, have dual effects. 
Now, asthma medications are classified according to their roles in the overall 
management of asthma, quick relief or long-term control (Fanta, 2009). 
 
Often given as first-line drugs for patients with mild asthma, β2 receptor agonists 
are given for inhalation or for oral use. Some physicians recommend using oral 
β2 agonists for young children as it is easier to administer compared to nebulized 
form. Doses are self-administered at the onset of an asthmatic attack or before 
exposure to known triggers (Steinbacher & Glick, 2001). These drugs activate 
intracellular pathways in airway smooth muscle cells leading to an increase in cyclic 
AMP which ultimately results in muscle relaxation. It also inhibits contraction by 
activating protein kinase A, which lowers the needed intracellular calcium for smooth 
muscle contraction (Sollecito & Tino, 2001). Systemic side-effects include tremor, 
tachycardia, palpitations, muscle cramps and paradoxical bronchospasm. Oral 
effects may include xerostomia, polydipsia, irritated throat and altered taste sensation 
(Royal Pharmaceutical Society, 2008) 
 
For asthmatics whose persistent symptoms cannot be managed with 
bronchodilators alone, inhaled corticosteroids are prescribed for daily use. If 
symptomatic relief is not achieved with modest dose of corticosteroids, the 
concentration is increased or a long-acting β2-adrenergic agonist is added 
(Steinbacher & Glick, 2001). The mode of glucocorticoids in suppressing 
inflammation in asthma is not completely understood. It is thought that it reduces 
inflammation by either inducing phospholipase A2 inhibitor production 
and/or reducing the transcription of cytokines. In addition, it suppresses asthmatic 
response to allergens by inhibiting monocyte and eosinophil action. Inhaled 
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glucocorticoids also possess vasoconstrictor activity which reduces bronchial 
mucosal edema and thickening, while enhancing β-adrenergic responsiveness 
(Sollecito & Tino, 2001). Rare adverse systemic effects of inhaled corticosteroids 
include throat irritation and infection, headaches, eye problems, thinning of skin, 
bruising and osteoporosis (Dubus et al., 2001). Orally, individuals may present with 
cough, candidiases and dysphonia (Steinbacher & Glick, 2001). 
 
 
2.2  Prevalence of asthma  
 
The prevalence of asthma has been increasing worldwide (Wiering et al., 2001; 
Corburn et al., 2006; Pearce et al., 2007). According to the latest GINA (Global 
Initiative for Asthma) report, it is estimated that up to 300 million people or 5% of the 
world's population suffer from asthma (Beasley, 2004). Although asthma affects 
people of all ages, most cases of asthma occur in childhood (Taylor & Newacheck, 
1992). The latest report by ISAAC (International Study of Asthma and Allergies in 
Childhood) has shown that the global prevalence of asthma symptoms among their 
youngest target group (6-7 years old) was 11.5% for current wheeze and 9.4% for 
asthma ever (Lai et al., 2009). In a recent Hong Kong study conducted by Wong et al. 
(2007), using a modified ISAAC Phase II questionnaire, high prevalences of wheeze 
ever and current wheeze of 16.7% and 9.3%, respectively, were found among 
preschoolers aged 2-6 years. 
 
 
2.3  Asthma and oral health 
 
In spite of the high and increasing prevalence of asthma among children, there 
have been few studies investigating the correlation between asthma and oral health.  
 
Some literature suggests that asthmatic children are at a higher risk of dental 
caries than non-asthmatic children due to either their disease or medication for 
asthma (Bimstein et al., 2006; Stensson et al., 2008; Ersin et al., 2006). Others have 
found associations between asthma and oral complications, which include: an 
increased rate of caries development and reduced salivary flow (Laurikainen & 
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Kuusisto, 1998; Lenander-Lumikari et al., 1998), an increased prevalence of oral 
mucosal changes, increased levels of gingivitis (McDerra et al., 1998), higher 
incidence of mouth breathing (Bresolin et al., 1983), and orofacial abnormalities 
(McNab et al., 1999). 
 
With regards to the association of asthma with caries risk factors, it has been 
shown that preschool children with asthma have higher intakes of sugary drinks and 
mouth breathing which may lead to a higher caries prevalence (Stennson et al., 2008). 
In a Turkish survey of 106 asthmatics 6-19 years old, Ersin et al. (2006) found that 
asthmatic condition and/or medication carried some caries risk factors, including both 
decreased salivary flow rate and pH of whole stimulated saliva. In another study, 24 
asthmatics, 10-20 years old treated with β2 agonists were age, sex and social 
background matched with healthy controls (Ryberg et al., 1987). In this study, the 
asthmatic children had significantly lower values for secretion rate of whole saliva and 
70% of the children with high Streptococcus mutans counts belonged to the asthmatic 
group. It was also reported that prolonged use inhaled β2 agonist and inhaled 
corticosteroid, lead to decreased salivary and interdental plaque pH 30 minutes after 
inhalation of the medications in a group of 30 asthmatic children ages 6 to 14 (Kargul 
et al.,1998). 
 
On the contrary, there are a number of studies which did not find a relationship 
between dental caries and asthma, including asthma medications(Hyyppa & Paunio, 
1979; Laurikainen & Kuusisto, 1998; Shulman et al., 2001; Meldrum et al., 2001; 
Eloot et al., 2004). 
 
A large New Zealand cohort study examined participants with asthmatic histories 
and 3-year net caries increment between the ages of 15 and 18 years (Meldrum et al., 
2001). It was found that there was no significance between DFS scores between the 
differing asthmatic severity groups and the non-asthmatic group.  
 
Another study of 6938 students, aged 4-10 and 11-16 years, showed that there 
was no association between the use of drugs by asthmatics and their df/DMF scores 
(Shulman et al., 2001). Specifically, asthmatic children between 4-10 years of age at 
different disease severity levels had similar dft scores compared to the controls. 
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However, the severely asthmatic children, both the 4-10 and the 11-16 year-old age 
groups, had a significantly lower mean DMFT score than that of the controls. 
 
The inconsistent study findings may be due to the difficulty in diagnosing asthma 
(Meldrum et al., 2001), differences in asthma severity, medication types (Kankaala et 
al., 1998; Rydberg et al,, 1991), route of administration of medication and its sugar 
content (Reddy et al., 2003), or population characteristics such as age composition 
(Shulman et al., 2001).  
 
In summary, due to the conflicting study findings, the association between 
asthma and oral health remains unclear. Moreover, no study has been conducted on 
Hong Kong children with asthma to assess their oral health condition. In Hong Kong, 
many children have asthma and/or are taking medication to control the disease. A 
better understanding of the factors which may affect their oral health will assist the 
dental professional in devising appropriate oral health care protocols for these 
children, as well as in strengthening the collaboration with medical care-givers of 
these children. 
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3.  AIMS AND OBJECTIVES     
 
The aims of this community health project were to study the relationship between 
asthma and oral health of preschoolers in Hong Kong, and to provide oral health 
education to the preschoolers and their parents. 
 
To achieve the above aims, the following objectives were formulated:  
(i)  to compare the oral health status of asthmatic and non-asthmatic preschool 
children in Hong Kong,   
(ii)  to find out the common drugs used by the asthmatic children in Hong Kong and 
their possible associations with the children’s oral health, and 
(iii)  to provide oral health education for asthmatic preschoolers and their parents. 
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4.  MATERIALS AND METHODS  
4.1  Subject selection and recruitment 
  
The study population of this project was preschool children attending grades 1 to 
3 in six selected kindergartens in different districts of Hong Kong, four were located in 
Kowloon and two were in the New Territories (Appendix 1).  
 
An invitation letter (Appendix 2) was sent to the parents of each child through the 
kindergartens to seek their consent to let their child undergo a simple oral 
examination in the kindergarten. In the letter, information on the project aims and the 
study procedures was provided. In addition, there were two yes/no questions on the 
asthma condition of the child: “Does your child have asthma?” and “Does your child 
have bronchial allergy (hyperactive airway)?”. The latter question was asked due to 
‘bronchial allergy’ being a popular alternative term for asthma used by doctors in 
Hong Kong (Lee & Yeung, 2010). 
 
Based on the answers provided by the parents, the children with parent consent 
for participation in this project were divided into the following two groups: 
1)  asthma group  (“yes” to either of the two questions) 
2)  no asthma group  (“no” to both questions) 
 
The control group consisted of children in the no asthma group who were 
matched, on an individual basis, to the children in the asthma group according to the 
same gender and class of attendance. All subjects in the control group were 
preselected before conducting the examination. 
 
  
4.2  Clinical examination 
  
The study children were examined in the kindergartens in March 2010. All children 
with parental consent were examined regardless of whether they had asthma or 
not. The examinations were conducted by four trained and calibrated examiners 
and five assistants (with two pairs of examiners and assistants in each kindergarten). 
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Williams probes, disposable mouth mirrors, and intra-oral LED lights were used in the 
examinations. Duplicate examinations were conducted on 10% of the children in each 
kindergarten to monitor inter-examiner reproducibility. 
 
A special charting form (Appendix 3) was designed to record the following 
findings in the clinical examination: status of each primary tooth, oral hygiene status, 
and presence of soft tissue lesions. 
   
(i)  Oral hygiene 
The oral hygiene status of the child was determined by the proportion of tooth 
surfaces covered by visible plaque, based on the criteria of the Visible Plaque Index 
(Ainamo & Bay, 1975), and classified to the following 3 categories. For good visual 
inspection, only the labial surfaces of the 6 upper anterior teeth were examined. 
 1)  Good (Visible plaque on <1/3 of the upper anterior teeth surfaces) 
2)  Fair (Visible plaque on 1/3 to 2/3 of the upper anterior teeth surfaces) 
3)  Poor (Visible plaque on > 2/3 of the upper anterior teeth surfaces) 
  
(ii)  Dental caries 
Assessment of the status of the children’s primary teeth was based on the criteria 
suggested by World Health Organization (1997). The dmft index score was used to 
indicate the total number of teeth affected by tooth decay in each child. This score 
was the sum of the dt, mt and ft scores. 
 
Decayed tooth (dt) is a primary tooth with an unmistakable cavity, undermined 
enamel, a temporary filling or a detectably softened floor or wall. A tooth with both 
permanent restoration(s) and decay is also regarded as a decayed tooth. 
  
Filled tooth (ft) is a primary tooth with permanent restoration(s) without decay 
anywhere on the tooth. Only restorations placed due to previous decay are included 
in the dmft index. 
  
Missing tooth (mt) in the dmft index refers to a primary tooth that is considered as 
extracted or missing as a result of caries. Teeth that are absent congenitally, 
exfoliated naturally, or extracted due to reasons other than caries are not counted. 
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(iii)  Soft tissue lesions 
Detection and diagnosis of soft tissue lesions were performed under visual 
inspection. Lesions unrelated to dental caries were categorized under (1) ulcers, 
(2) abscess, and (3) others. Any positive finding would be recorded in the charting 
form. 
   
A brief summary report (Appendix 4) on the child’s oral hygiene and dental caries 
status, as well as advice on oral hygiene care and dental treatment need, was given 
to the parents through the kindergartens.  
   
 
4.3  Telephone interview 
  
To collect further information about the study children, telephone interviews with 
the parents were conducted. A standardized questionnaire (Appendix 5), containing 
16 questions about the child in the following three sections was used in the 
interview:   
1) demographic background – gender, grade in kindergarten, and place of birth  
2) asthma condition – status, disease duration and medication (type and duration of 
use)  
3) other information - dietary habits, oral hygiene habits, parents’ education level, 
and family income 
  
All students in our group acted as the interviewers. When an unclear answer was 
given, the interviewer would repeat the question and ask for clarification. ‘No 
response’ would be recorded for the question if the second answer was still unclear or 
if the parent refused to provide an answer. 
  
 
 4.4  Oral health education 
  
Oral health messages and instructions on proper toothbrushing were delivered to the 
study children and teachers in groups in the kindergartens. A music video about 
toothbrushing (produced by the Oral Health Education Unit of the government 
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Department of Health) was played to introduce proper toothbrushing technique. After 
watching the video, the children were encouraged to answer different questions 
concerning toothbrushing and to demonstrate on tooth models in order to reinforce 
the messages. A child-size toothbrush was given to each child as a souvenir. 
  
Individualized oral health care advices according to the child’s oral health status 
as found in the clinical examination were provided to the parents over the phone. The 
specific advice might include appropriate oral hygiene practices and caries prevention, 
such as rinsing the child’s mouth every time after using inhaler or medicine syrup for 
treating asthma. 
 
4.5  Data analysis 
  
The collected data were entered into a personal computer using the software 
Microsoft Excel and proofreading was conducted. The data was analyzed using the 
statistical software Statistical Package for Social Science version 17.0. 
 
Inter-examiner reproducibility was measured by the Kappa statistic. The 
differences in oral hygiene level and prevalence of dental caries between the asthma 
and control groups were assessed by Pearson’s chi-square test. Paired t-test was 
used to assess the difference in dmft scores between the asthma and control group 
children.  
 
Independent sample t-test was used to investigate the association between dmft 
scores of the children and their use of β2 agonists, and bottle feeding habit. One-way 
analysis of variance (ANOVA) was used to evaluate the differences in dmft scores 
among the children with different (1) durations of asthma, (2) grades, (3) snacking 
habits, (4) toothbrushing frequencies, (5) parental education levels, and 
(6) family incomes. 
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5.  RESULTS  
5.1  Participants 
 
A total of 685 kindergarten children were invited to participate in this study. In 
47 cases, the consent forms were not returned. Another 4 children were 
uncooperative, could not be examined, and thus, were excluded from the study. A 
total of 634 children were examined. The response rate was 93%.  
 
A total of 102 preschool children (aged 3 to 6 years) examined had asthma. The 
prevalence of asthma among the study children was 16%. Among them, 65 are boys 
and 37 are girls (M:F = 1.8:1) (Table 1).  
 
Table 1.  Number of asthmatic children examined according to gender and 
grade.  
 
KG Grades Male Female Total 
1 33 (72%) 13 (28%) 46 (45%) 
2 7 (54%) 6 (46%) 13 (13%) 
3 25 (58%) 18 (42%) 43 (42%) 
Total 65 (64%) 37 (36%) 102 (100%) 
 
 
5.2  Inter-examiner reproducibility  
 
Four examiners were involved in assessing the dental caries status and oral 
hygiene status of the children. The mean Kappa coefficient values for inter-examiner 
reproducibility in caries diagnosis and oral hygiene assessment were 0.97 and 0.57 
respectively.  
 
 
5.3  Oral hygiene status   
 
More than half (52%) of the asthmatic children had good oral hygiene, while 
around one-fifth (22%) and one-fourth (26%) of them had fair and poor oral hygiene 
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respectively (Table 2). Similar results were found in the control group. There was no 
statistically significant association between asthma and oral hygiene status 
(chi-square test, p>0.05).  
 
Table 2.  Oral hygiene status of the children in the asthma and the control group. 
 
Oral hygiene Asthma Control Total 
Good 53 (52%) 50 (49%) 103 (51%)        
Fair 22 (22%) 28 (28%) 50 (25%) 
Poor 26 (26%) 23 (23%) 49 (24%) 
Total 101 (100%) 101 (100%) 202 (100%) 
chi-square test, p>0.05 
 
 
5.4  Dental caries status and soft tissue lesions 
 
  The prevalence of dental caries experience was 44% in both the asthma and the 
control group children (Table 3). No primary teeth were judged to be missing due to 
caries (mt) in both groups of children. Their mean dt and ft scores were similar, and so 
were the mean dmft scores (2.3 vs 2.2, p>0.05). Only one child was found to have a 
soft tissue lesion. 
 
Table 3.  Caries experience of the children in the asthma and the control group. 
 
 
Asthma 
(n=102) 
Control 
(n=102) 
Significance 
dmft > 0 44% 44% p>0.05        
Mean dt 2.1 ± 3.7 2.1 ± 3.5 p>0.05        
Mean mt 0 0 --- 
Mean ft 0.2 ± 1.8 0.1 ± 0.4 p>0.05 
Mean dmft 2.3 ± 4.1 2.2 ± 3.5 p>0.05 
paired t-test 
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5.5  Relationship between use of asthmatic drugs and oral health 
 
The types of drugs used by the asthmatic children are shown on Table 4. It was 
found that 40 (39%) of the 102 asthmatic children did not take any medication while 
38 (37%) of them took β2-receptor agonists to control the disease. The second most 
common drug used was steroids, taken by 25 (25%) children. Among the asthmatic 
children, the mean dmft scores of the β2 agonist users and non-users were similar 
(2.4 vs. 2.3, p>0.05). Similar mean dmft scores were also found among the steroid 
users and non-users (2.4 vs. 2.3, p>0.05). 
 
There was also no significant association between the oral hygiene status of the 
use of β2-recepter agonists (chi-square test, p>0.05) or the use of steroids (p>0.05). 
 
Table 4.  Types of drugs used by the children with asthma.  
Types of medication No. of children 
No medication  40 (39%) 
β2 agonist only  22 (21%) 
Steroid only  11 (11%) 
β2 agonist + steroid  13 (13%) 
β2 agonist + others   3 (3%) 
Steroid + others   1 (1%) 
Others   6 (6%) 
Unknown   6 (6%) 
Total 102 (100%) 
 
 
5.6  Relationship between duration of asthma and dental caries  
 
There was a trend showing that the children who had suffered from asthma for a 
longer period had a higher mean dmft score of the children (ANOVA, p=0.058) (Table 
5). However, this may be due to the confounding effect of age because a statistically 
significant trend was also found between the children’s dmft scores and the grade in 
which they attended (p=0.031) (Table 6).  When the effect of age was controlled, by 
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just comparing the children attending the same grade, the relationship between 
duration of asthma and dental caries experience was found to be not statistically 
significant (p>0.05). 
 
Table 5.  Caries experience of the children according to duration of asthma. 
 
Duration of asthma 
(months) 
N  (%) dmft ± S.D. 
1 - 12 31  (30) 2.0 ± 3.2 
13 - 24 30  (29) 1.0 ± 1.8 
25 - 36 19  (19) 4.1 ± 5.7 
   > 36 22  (22) 3.0 ± 5.3 
 ANOVA, p=0.058 
 
Table 6.  Caries experience of the children according to class of attendance. 
 
KG grade N  (%) dmft ± S.D. 
1 92  (45) 1.5 ± 3.0 
2 26  (13) 2.2 ± 4.0 
3 86  (42) 3.0 ± 4.4 
 ANOVA, p=0.031 
 
 
5.7  Relationship between other factors and dental caries 
5.7.1  Dietary habits  
 
The bottle feeding experience of the study children is shown in Table 7. The 
majority of the children (82%) did not have nursing bottle feeding during sleep when 
they were young. No statistically significant relationship between this early childhood 
practice and dental caries experience was found in this study. 
 
Regarding the relationship between the child’s snacking frequency and dental 
caries experience, there was a trend showing that the more frequent intake of snacks, 
the more severe the caries (Table 8). This relationship is statistically significant 
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(ANOVA, p<0.05) in both the asthma and the control group.  
 
Table 7.  Caries experience of the children according to asthma status and use 
of nursing bottle at early childhood. 
 
 Asthma  Control 
 N dmft  N dmft 
Bottle feeding - yes 19 2.7  17 1.8 
              no 83 2.2  85 2.2 
Significance  n.s.   n.s. 
independent t-test 
 
Table 8.  Caries experience of the children according to asthma status and 
snacking frequency. 
 
 Asthma  Control 
 N dmft  N dmft 
Snacking frequency: <1 33 1.5  28 1.3 
 (times/day)         1 25 1.5  21 1.2 
                    2 23 2.0  35 2.3 
                   >2 21 4.9  18 4.1 
Significance  p=0.011   p=0.032 
ANOVA 
 
5.7.2  Toothbrushing habit  
 
The reported toothbrushing habit of the study children is quite good as most of 
them brushed at least twice a day (Table 9). The few children who did not brush their 
teeth daily had higher dmft scores. However, the overall relationship between the 
frequency of toothbrushing and caries experience among the children was not 
statistically significant (p>0.05).  
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Table 9.  Caries experience of the children according to asthma status and 
toothbrushing frequency. 
 
 Asthma  Control 
 N dmft  N dmft 
Brushing frequency: <1  4 4.0   3 4.7 
 (times/day)         1 24 2.5  26 2.6 
                  ≧2 73 2.2  73 1.9 
Significance  n.s.   n.s. 
ANOVA 
 
5.7.3  Socio-economic status  
 
There was a general trend that the study children from families with poorer 
socio-economic background, as indicated by lower education level of the parents and 
lower family income, had more caries experience (Tables 10 to 12). This trend is 
statistically significant (p<0.05) among the control group children while that among 
the children with asthma is less prominent. 
 
 
Table 10. Caries experience of the children according to asthma status and their 
father’s education level. 
 
 Asthma  Control 
Education level N dmft  N dmft 
Lower secondary 29 3.1  39 3.7 
Upper secondary 53 2.3  42 1.1 
Tertiary 18 1.0  19 1.3 
Significance  n.s.   p=0.006 
ANOVA 
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Table 11. Caries experience of the children according to asthma status and their 
mother’s education level. 
 
 Asthma  Control 
Education level N dmft  N dmft 
Lower secondary 33 3.1  44 3.8 
Upper secondary 44 2.0  37 0.7 
Tertiary 23 2.0  20 1.0 
Significance  n.s.   p=0.006 
ANOVA 
 
Table 12. Caries experience of the children according to asthma status and their 
family’s monthly income. 
 
 Asthma  Control 
Monthly income (HK$) N dmft  N dmft 
< 10,000 27 2.2  27 3.3 
10,000 - 19,999 33 3.3  33 2.7 
20,000 - 29,999 15 1.3  15 1.1 
≧ 30,000 22 1.7  22 0.4 
Significance  n.s.   p=0.026 
ANOVA 
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6. DISCUSSIONS 
6.1 Study subjects and their asthma condition 
 
A total of 685 kindergarten children attending 6 kindergartens in different districts 
were invited to participate in this project. The response rate, being at 93%, was very 
high. There were 102 asthmatic children in the sample, giving a prevalence of 16%. 
The finding agrees with a previous study, which showed 16.7% preschoolers aged 
2-6 years had wheezed ever (Wong et al., 2007). The male to female ratio among the 
asthmatic children in this study (M:F 1.8:1) is similar to that seen among children 
worldwide (M:F 2:1) (Weiss, 1998).  
 
The matched control group of 102 children was chosen from non-asthmatic 
children of the same gender and class as the asthmatic children. This should serve as 
a good comparison group for investigating the relationship between asthma and oral 
health while controlling for other possible confounding factors. 
 
 
6.2  Caries experience of the children 
 
 The caries prevalence (44%) and mean dmft score (2.3) of the preschool 
children in this study are similar to those found in a recent survey of a large sample of 
preschool children (Lo et al., 2009). The present finding that over 90% of decayed 
primary teeth remained untreated is also typical of the situation among kindergarten 
children in Hong Kong. There is a great need for the dental profession and 
the government in Hong Kong to promote oral health of and to provide appropriate 
dental care to these young children. 
 
A main finding of this study is that there was no statistically significant difference 
between the prevalences of caries experience of the asthmatic and the control 
children. The mean dmft scores of the two groups of preschool children are also 
similar. Although there appears to be a trend that the study children who had suffered 
longer from asthma had more caries, this relationship becomes statistically 
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insignificant when the confounding effect of age is controlled for. To sum up, no 
evidence for a link between asthma and dental caries was found in this study. 
  
The above main finding from our study is in agreement with a number of 
studies which found no relationship between asthma, including asthma medication, 
and dental caries (Hyyppa & Paunio, 1979; Laurikainen & Kuusisto, 1998; Shulman, 
2001; Meldrum et al., 2001; Eloot et al., 2004). There are other studies which suggest 
that asthmatic preschool children are at a higher risk of caries development because 
of the disease or from use of asthma medication (Bimstein et al., 2006; Stensson et 
al., 2008; Ersin et al., 2006) but our study results do not support this hypothesis. 
 
In a cross-sectional study like the present one, it is difficult to delineate the 
relationship as the time during which dental caries develops may not overlap with the 
time of asthma attack or asthmatic drug use. Also, in this study 
there was no sub-classification within the asthma group according to the severity of 
the disease, and so the relationship between severity of asthma and caries severity 
remains unclear. Furthermore, the relatively small sample size of our study and the 
large variation in dmft scores among the study children would result in difficulty in 
detecting statistically significant differences. Whether there is a relationship between 
asthma and dental caries is inconclusive and large scale comprehensive 
epidemiological studies, preferably longitudinal in design, are needed. 
 
 
6.3  Medications for asthma  
 
Some studies have suggested that the use of some medications for treating 
asthma may be associated with several oral health conditions, including reduced 
salivary flow, oral mucosal changes, and increased rate of caries 
development. In particular, prolonged use of β2-receptor agonists has been shown to 
increase caries prevalence, as these drugs can lead to decreased salivary flow and 
pH, thereby reducing the protective functions of saliva (Khalilzadeh et al., 2007). In 
our study, 19% of the preschool children had used β2-receptor agonists but no 
significant correlation with their children’s caries status was found. In some studies, 
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qualitative and quantitative measures of saliva were investigated (Khalilzadeh et al., 
2007; Ersin et al., 2006) but this was not done in our study. 
 
There is suggestion that with the use of xerostomic drugs such 
as β2-receptor agonists, plaque accumulation and retention will be increased due to 
the impaired cleansing function of saliva (Tekeya, 1998). Our study results show 
there was no statistically significant association between asthma and oral hygiene 
status among the preschool children. Moreover, in the clinical examinations of this 
study, only one child presented with a soft-tissue abnormality was found. This 
indicates that commonly prescribed drugs for asthma treatment, including 
β2-receptor agonists and corticosteroids, do not have much oral health related 
side-effects.  
 
In this study, it was assumed that the children who used asthma medications 
took clinically appropriate dosage. Therefore, while medication history including the 
duration and type of drug used was recorded, the dosage and frequency of drug use 
were not. This may cause some bias in our study results. It was also noted that in our 
study children, β2-receptor agonists were mainly used on an occasional basis, only 
when asthmatic symptoms arose. Thus, any possible association with the drug and 
dental caries may not be evident. Under further questioning, many parents were 
found to have received instructions on prevention of oral tissue side-effects when 
their child was prescribed with drugs for asthma control such as to rinse with water 
after using the inhaler. This would have reduced the topical effects of the drugs on the 
oral hard and soft tissues. 
  
  
6.4  Dietary habits 
 
Frequent intake of sweet snacks has been shown to be one of the risk factors 
affecting caries development and it is a common habit among preschool children in 
Hong Kong (Chan et al., 2002; Lo et al., 2009) and in other places (Tinanoff & Palmer, 
2000). About half (47%) of the children in our study had snacks twice or more per day 
and they had a higher mean dmft score than children who snack less frequently. 
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It is commonly found that children who were bottle-fed at night during early 
childhood had more caries (Olmez & Uzamris, 2002; Hallett & O’Rourke, 2006). In our 
study, 18% of the children had been bottle-fed at night but a statistically significant 
association between bottle feeding and high caries experience was not found. A 
possible reason for this finding is the small number of children involved in our study. 
Besides, studies show that caries risk increases with the duration of bottle feeding 
habit (Dini et al., 2000). In our study, this information was not collected. In addition, 
the different fluids commonly fed to young children have different cariogenicity 
(Bowen & Lawrence, 2005) but we had no information about the content in the baby 
bottles. A study of the association between bottle feeding habit and caries risk would 
be more comprehensive if the factors mentioned above are included. 
 
  
6.5  Toothbrushing habit 
 
Oral hygiene practice, such as toothbrushing habit, is another important 
factor affecting caries risk among preschool children in Hong Kong (Chu et al., 
1999; Lo et al., 2009). In our study, over 70% of the children reported to have 
brushed their teeth twice or more daily and there was a trend, though not statistically 
significant, showing that the more frequent the child brushed his or her teeth, the less 
severe the caries. 
 
6.6  Demographic and socio-economic background 
 
In our study, it was found children whose parents had a lower level of education 
had more caries experience. It may be because parents who are less educated are 
less receptive to oral health education and may have an attitude that baby teeth 
which are to be replaced by permanent teeth need little care. In addition, there was a 
negative correlation between family income and the child's caries experience in both 
the asthma and control groups. These findings are in agreement with those of an 
earlier survey of preschool children in Hong Kong (Lo et al., 2009). The Government 
of Hong Kong should allocate more resources for organizing oral health education 
and outreach dental care services to the preschool children who are less privileged. 
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7.  CONCLUSIONS 
 
The two main aims of this study, i.e. to investigate the relationship between 
asthma and oral health of preschoolers in Hong Kong, and to provide oral health 
education to the preschoolers and their parents have been achieved.  
 
Within the limitations of this study and based on the findings, it is concluded that 
there is no association between asthma, including the use of medication, and dental 
caries among the preschool children in Hong Kong. The factors which affect the 
caries risk of young children with asthma are similar to those affecting the general 
preschool population in Hong Kong. 
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8.  RECOMMENDATIONS 
  
The present study on the relationship between asthma and oral health of 
preschool children in Hong Kong is a relatively small and simple one, and should be 
regarded as a pilot study in this aspect. We would like to recommend that further 
studies involving a larger sample size and more diversified populations be conducted. 
Longitudinal studies are preferred. It is recommended that the information about 
children’s asthma status and use of medication should be based on their physicians' 
diagnosis and medical records. Children who are under regular medical care for 
asthmatic conditions should be involved. 
 
 Preschool children who have asthma do not have lower risk for dental caries. 
Since these children may be frequently exposed to drugs that have potential adverse 
effects on oral health, they and their parents should continue to receive specific oral 
heath related instructions related to the drugs they use. 
 
Since, generally, the oral health status of the preschool children in Hong Kong, 
including those with asthma, is not very satisfactory, the government and the dental 
profession should organize more oral health promotion activities for them and their 
parents. Families of the lower socio-economic classes should be accorded a higher 
priority and more programmes should be delivered to them. 
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Appendix 1   
List of Participant Kindergartens 
  
Kindergartens Address Visit Date 
朗屏邨聖恩幼稚園 
Long Ping Estate Sing 
Yan Kindergarten 
元朗朗屏邨鳳屏樓地下  
G/F Fung Ping House, Long Ping 
Estate, Yuen Long, NT 
 
2nd March, 2010 
觀塘幼兒學校 
HKCS Kwun Tong 
Nursery School 
九龍觀塘翠屏道17號 觀塘社區中
心 5樓 
4/F & Roof playground, Kwun 
Tong COMM CTR, 17 Tsui Ping 
Road, Kwun Tong, KLN 
 
3rd March, 2010 
聖多馬堂幼稚園 
St Thomas' Church 
Kindergarten 
石硤尾下村 24座地下 101-116室  
101-116, Block 24, Lower Shek 
Kip Mei Estate, KLN 
 
8th March, 2010 
李鄭屋幼兒學校 
HKCS Lei Cheng Uk 
Nursery School 
九龍深水埗李鄭屋邨 信義樓平臺
316號  
NO.316 Podium Level, Shun Yee 
House, Lei Cheng Uk Estate,  
Sham Shui Po, KLN 
 
9th March, 2010 
五邑工商總會張祝珊幼
稚園 
Five Dis B W ASSN 
Cheung Chuk Shan KG 
九龍鑚石山龍蟠苑商場 109室  
Rm 109, Level 5, Commercial 
Complex, Lung Poon Court, 
Diamond Hill, KLN 
 
10th March, 2010 
雅麗斯俊宏軒幼稚園 
Agnes Kindergarten 
(Grandeur Terrance) 
新界元朗天水圍俊宏軒幼稚園  
Kindergarten of Grandeur 
Terrace, Tin Shui Wai, Yuen 
Long, NT  
 
12th March, 2010 
 
  31 
Appendix 2  
Invitation Letter to Parents 
 
 
 
  
 
香港幼稚園兒童牙科外展服務項目 
尊敬的家長： 
 
        感謝你同意你的孩子參加我們的幼稚園兒童牙科外展服務項目。  我們將於本年 3月
到幼稚園為你的孩子提供牙齒檢查服務。 
 
        近期有研究顯示患有哮喘或有氣管敏感的兒童較易患上牙病，因而他們的口腔健康需
要更多的關注。如果你的孩子患有哮喘或氣管敏感，請在回條中提供你的電話號碼，以便我們
在完成檢查後與你聯絡，我們會根據你的孩子的具體情況為你提供具有針對性的牙科保健建議。 
 
        你如需要更多資料，歡迎你通過幼稚園與我聯系。 
 
 
 
香港大學牙醫學院   
盧展民 教授 謹上 
2010 年 2 月 22 日 
 
 
回條 
請回答以下問題： 
 
1. 你的孩子是否患有哮喘？ 
  □ 是               □ 否 
 
2. 你的孩子是否患有氣管敏感？ 
  □ 是               □ 否 
 
 
兒童姓名：                                   班別：                        
 
家長姓名：                                 日期：                         
 
聯絡電話：                             
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Appendix 3 
 
CHARTING FORM 
 
Name: _____________________   Sex: M / F 
 
Kindergarten: 1 / 2 / 3 / 4 / 5 / 6   Class: 1/2/3 ___  
Examiner: □ Benson   □ Sandy   □ Wilson 
 
Tooth Status 
55 54 53 52 51 61 62 63 64 65 
                    
                    
85 84 83 82 81 71 72 73 74 75 
 
dmft code  
0: Sound  
1: Decayed  
2: Filled with Decay  
3: Filled, No Decay  
4: Missing as result of caries  
5: Missing due to other reasons 
 
Oral Hygiene 
□ Good (Visible plaque on <1/3 of the upper anterior teeth) 
□ Fair  (Visible plaque on 1/3 to 2/3 of the upper anterior teeth) 
□ Poor  (Visible plaque on >2/3 of the upper anterior teeth) 
 
Soft Tissues 
□ Normal 
□ Abnormal 
□ Ulceration 
□ Abscess 
□ Other mucosal lesions (e.g. Candidiasis) _____________________
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Appendix 4 
Examination Report 
 
 
 
 
口腔檢查報告 
 
致: ________________  的家長 
 
日 期：2010 年      月     日 
  
多謝你同意讓你的孩子接受在幼稚園內舉行之免費口腔健康檢查。這是一個
普通的檢查，並沒有拍攝過 X光照片。我們發現你孩子的口腔情況如下: 
(1) 口腔衛生狀況：□ 良好     □ 一般     □ 欠佳 
(2) 乳牙情況：□ 沒有蛀牙          □ 有蛀牙         顆 
  
據此作出如下建議： 
(1)       是否需要改善口腔衛生狀況： □ 是          □ 否 
(2)       是否需要看牙醫作進一步檢查或治療：□ 是          □ 否 
  
  
 
 
                                                                        香港大學牙醫學院 
                                                                   盧展民教授   謹上 
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Appendix 5.1  
Questionnaire (Chinese) 
 
幼稚園家長訪問問卷 
 
甲部: 學生資料 
1. 學生姓名: _________________  
2. 性別: □ 男   □ 女  
3. 幼稚園: □ 1    □ 2    □ 3     □ 4    □ 5    □ 6 
4. 班別: □ 1___   □ 2 ___   □ 3 ___ 
5. 出生地: □ 香港   □ 中國大陸    □ 其他  
 
乙部: 哮喘病狀況 
哮喘病為期 
6. 貴 子女何時患上哮喘?  ______ 年 ____ 月 
7. 現時是否患有哮喘? □ 是    □ 否 
  i. 如否,於何時康復?  ______ 年 ____ 月 
 
藥物使用 
8. 曾否服用哮喘藥物? □ 是    □ 否 (請到丙部) 
  i. 如是,於何時開始服用?  ______ 年 ____ 月 
9. 曾否停止服用藥物? □ 是    □ 否  
  i. 如是,於何時停止服用?  ______ 年 ____ 月 
10. 藥物種類: 
______________________________________________________________
______________________________________________________________ 
11. 有否服用自行購買的哮喘藥物? □ 是    □ 否 
  i. 如是, 曾服用多久? ______ 個月 
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丙部: 其他資料  
飲食習慣 
12. 貴 子女幼時有否含著奶瓶入睡的習慣? □ 有    □ 沒有 
13. 每天進食糖/蛋糕/甜味零食的次數: 
  □ 少於 1次   □ 1次   □ 2次  □ 2次以上 
 
口腔衛生 
14. 每天刷多少次牙? 
  □ 少於 1次   □ 1次   □ 2次或以上 
 
社會經濟背景 
15. 家長教育程度:   
   父親     母親  
初中程度或以下              □       □  
高中程度及預科                □       □  
大專程度或以上                  □       □ 
 
16. 家庭月入:  
□ ≦ HK $ 10,000  
□ HK $ 10,001 – 19,999  
□ HK $ 20,000 – 29,999  
  □ ≧ HK $ 30,000 
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Appendix 5.2  
QUESTIONNAIRE FOR PARENTS 
 
Part A: Student information 
1. Name: ___________________  
2. Gender: □ M   □ F  
3. Kindergarten: □ 1 □ 2 □ 3 □ 4 □ 5 □ 6 
4. Class: □ 1___   □ 2 ___   □ 3 ___ 
5. Place of birth: □ Hong Kong    □ Mainland China     □ Other  
 
Part B: Asthma conditions 
Asthma duration 
6. When was your child first diagnosed with asthma? 
  ____ / ________ (MM/YYYY) 
7. Does your child still have asthma?  
  □ Yes   □ No 
  a. If not, when did they stop?  
  ____ / ________ (MM/YYYY) 
Asthma medication 
8. Has your child ever been on asthma medication?  
  □ Yes   □ No (jump to part C) 
  a. If so, when did they start their medication?  
  ____ / ________ (MM/YYYY) 
9. Has your child ever stopped the asthma medication?  
  □ Yes   □ No  
  a. If so, when did they stop?  
  ____ / ________ (MM/YYYY) 
10. What type of asthma medication(s) is your child on? 
_____________________________________________________________
_____________________________________________________________ 
11. Is your child taking any over-the-counter asthma supplements?  
  □ Yes   □ No 
  a. If so, for how long?  
  ______ months 
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Part C: Other Information  
Dietary 
12. Use of nursing bottle during sleep when they were young 
□  Yes 
□  No 
13. Daily consumption of candy/cake/sweet snacks 
□  < Once 
□  Once 
□  Twice 
□  More than twice 
 
Oral Hygiene 
14. Number of times of toothbrushing per day 
□  < Once 
□  Once 
□  Twice or more 
 
Social Economic Level 
15. Parent education level:   
      Father    Mother  
Junior high school or below      □       □  
Senior high school        □       □  
Tertiary or above               □       □  
 
16. Monthly family income:  
□ ≦ HK $ 10,000  
□ HK $ 10,001 – 19,999  
□ HK $ 20,000 – 29,999  
  □ ≧ HK $ 30,000 
 
 
